Abstract. This paper discusses a systematic approach for the development of a solar powered self-sustainable energy system. In remote locations, self-sustainable energy system configurations are of interest, and may prove more cost effective than a grid connected systems. This paper investigates a typical self-sustainable energy system configuration and performance optimization. The potential benefits of such a system design is investigated using data collected at a specific location and the performance of the system under variable conditions determined. This paper also described an optimal design and implementation of an efficient self-sustainable energy system.
Introduction
Solar powered self-sustainable energy system could assist for conserving the environment by using solar energy in locations without access to electricity and act as an indispensable electricity source for remote areas. The solar system has been deployed widely and more and more organisations and people are benefiting from installing photovoltaic (PV) panels, which converts the solar energy to electrical energy [1] . The reason for that includes its free access and abundance for most places in the world. The installation of PV system is growing significantly in response to the increasing global energy demand. It is estimated that the PV industry had a global total of 40GW capacity, which is significant compared with other renewable energy sources [2] .
Housing and buildings in the countryside consume a significant amount of primary energy for thermal or electrical power [2] . This sector is very important to Wales's economy and its sustainability due to its geographical place in the world. Wales is home to many historical sites, countryside buildings and houses, which are spread throughout the countryside. Powering these sites may prove to be problematic, as power cables will disturb the landscape and prove costly. Using a solar powered self-sustainable energy system may resolve these problems.
Sustainable energy system can be either stand-alone or grid connected, or a hybridisation of both. Over the past decade, the development and application of sustainable energy system has increased significantly [3] . A Large amount of research work has addressed various topics for sustainable energy system; and includes modelling and simulation to analyse the complex interactions within the system and with exogenous factors. In addition, the application of control, in trying to maintain and evaluate optimal system performance has been of interest [3, 4] .
System structure
The common self-sustainable energy system architecture will have the following subsystems, which are, renewable energy source (PV modules), energy storage subsystem (battery pack), power management system (controllers) and tasks (load). For illustration purpose a structural block diagram for a proposed flexible solar energy system is shown in Fig.1 . The solid black arrows represent the electricity flow; the dotted grey arrow represents the control signals. In this study, a two-storey countryside house in Wales is assumed to be as a reference load profile. A photovoltaic array is considered as the main power source to a system which enables to meet a predefined load demand. Due to the inherent intermittency of solar irradiation, a battery pack is included, but not only to smooth the fluctuation of the solar power generated, when such smoothing is necessary, it is also act as a primary energy storage when excess power is available. Furthermore, when there is a shortage of direct solar power, the battery pack will feed back the stored energy into the system.
A. System model
Several researchers have addressed the development of an accurate system model, and the design and application of such systems [5, 6] . In this paper, a common but accurate PV model presented in [7] is adopted. The model of the PV system is based on an equivalent circuit, which consists of a current source, a diode and a series resister as shown in Figure 2 . is the load current. When charging the battery, the current is positive and negative current indicates that the battery is discharging. It is typically found that the length of a battery's life maybe extended by avoiding overcharging and deep discharging. Knowing the max Q is important to determine the size of the battery pack, which can support the load demand of a given period.
The key role of the power management system is to make full use of the power generated from solar irradiation and minimizing the use of stored energy in the battery pack, i.e., to keep the battery state of charge (SoC) at around midpoint, which will extend its lifespan and increase the overall system efficiency. Therefore, with carefully selected system components, all the power generated by the solar PV array will be used either to support the load demand or to charge the battery pack, alternatively feedback to the sustainable system environment, which maximise the usage and minimise the operating cost.
System sizing and cost analysis
Investing in Solar powered self-sustainable energy system could lead to economic growth and may ensure energy security. System sizing in such system play a key role in reducing energy cost. Energy cost in any given renewable energy source depends on the system design and operation characteristics and the quantity and type of losses encountered during production and delivery to the end user. An economically viable way to start using the renewable energy is in the production of electricity. The cost of electricity produced by PV modules can be calculated by the following equation [2] . Determining the final cost of PV energy composed of three functional steps; production, storage and usage (consumer), therefore it is important to consider the costs of the entire cycle. Date analysis indicated that the payback period is approximately seven (7) years. This payback period could be reduced or at least maintained while system-sizing operation are carried out to determine the size an energy (storage) system to minimize the energy bill of the household.
To determine the best option, system sizing and cost analyses is carried out using the data obtained from Rhoose area, near Cardiff airport (UK) with latitude: Table 1 ). Similarly, electricity user demand profile date is obtained for the same area and analysed. For the data analysis, firstly, the daily energy user demand profile data was determined. For the calculation of the data profile, the days are separately grouped as weekdays (W/D) and weekends (W/E). The year is broken down into the following five (5) seasons; spring (Spr), summer (Smr), high summer (Hsr), autumn (Aut) and winter (Wtr). For the data analysis the seasons defined as follows;
Spring (Spr) -defined as the period from the day of clock change from Greenwich Mean Time (GMT) to British Summer Time (BST) in March, up to and including the Friday preceding the start of the summer period.
Summer (Smr) -defined as the ten-week (10) period, preceding high summer, starting on the sixteenth (16) Saturday before the August bank holiday.
High summer (Hsr) -the period of six weeks (6) and two days (2) from the sixth (6) Saturday before August bank holiday up to and including the Sunday following August bank holiday.
Autumn (Aut) -is the period from the Monday following the August bank holiday, up to and including the day preceding the clock change from BST to GMT in October.
Winter (Wtr) -defined as the period from the day of clock change from BST to GMT in October, up to and including the day preceding the clock change from GMT to BST in March. During the individual seasons, daily energy usage is recorded and plotted against time (see, Figures 3 -7) . In Figure 3 , spring season daily energy consumption is shown, where, dashed (blue) line indicates the weekday's energy consumption and solid (red) line indicates the weekend day's energy consumption. Similarly, for the other seasons dashed and solid lines indicate the weekday and weekend days' energy consumption respectively. It is important to note that the definitions of day types and seasons are similar to those followed by the UK electricity associations. The energy user demand profile date (see Table 2 ) is calculated for this particular year is 3952.14 1  kWh . However, it is should be noted that form the recent historic date (20 years period), the yearly average usage is estimated as 3000 1  kWh , but it is depend on many factors, such as the type of the high summer and heavy winter etc. The table below (Table 3) shows the daily surplus (or deficit) energy for different configuration of solar panels. Using these data, the monthly surplus energy for different size of PV panel is calculated and presented in Table 4 . This information is used for the cost/benefit analysis. With reference to equation (6) and using above date, energy cost for different size of PV panel system can be calculated, see Tables 5 -8 . From the above data analysis, it can be seen, that the total surplus energy for standard 14-panel PV system is 6040.60kW, but for the 10-panel PV system is 3059.05kW and the annual cost with solar is about £295, which is almost the same as the standard 14-panel PV system (see Fig.3.) . However, the further reduction of the panel size, increase the annual cost (see Table 5-8) . Therefore, the sustainability of the system become vulnerable. From the above analyses, it can be concluded that the 10-panel system is the best option.
Discussion and Concluding remarks
In this paper, Solar powered self-sustainable energy system with efficient energy usage is investigated. The impact of PV energy technologies penetration on energy price has been presented. System sizing and cost analysis are carried out with reference to a specific location and the best configuration for the case has been identified. These analyses may be generalised to determine the best option for a given location.
Future work includes the development of a complete simulation model of the system and it will be used for the power management controller design to optimize the system performance. Furthermore, to store the surplus energy of 3059kW (for the 10-panel system) per year a viable energy storage system need to be identified, for this case, Li-ion and lead acid battery technologies will be investigated with reference to system sizing and cost.
